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Description 

This invention relates to a highly crystalline zeolite L. its preparation and use in catalysis, particularly for 
aromatization. In particular, it relates to zeolite L with cylindrical morphology, which provides a catalyst base 
s giving extended lifetimes in the dehydrocyclization of alkanes. 

Zeolite L has been known for some time as an adsorbant, and in US 3,216,789 is described as an 
aluminosilicate of the formula: 

0.9 - 1.3 M 2 /„0:AI 2 03:5.2 - 6.9 SiCfeyHzO 

70 

(where M is an exchangeable cation of valence n and y is from 0 to 9) having an x-ray diffraction pattern 
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40 The preparation of zeolite L described in US 3,216,789 comprises crystallizing the zeolite from a 
reaction mixture comprising mole ratios: 



K2 0/(K2 0 + Na 2 0) 


0.33 - 1 


(K2 0 + Na2 0)/Si0 2 


0.35 - 0.5 


Si02/AI 2 0 3 


10-28 


H 2 0/(K2 0 + NaaO) 


15-41 



The silica to alumina ratio in this reaction mixture is significantly higher than the ratio in the formed 
so zeolite. 

British Patent 1 ,202,51 1 describes a revised zeolite L preparation using lower proportions of silica in the 
reaction mixture which comprises mole ratio of reactants as: 



55 



with the following more significant d(A) values: 
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K20/(K2 0 + NcfeO) 


0.7-1 


(K2O + Na20)/Si0 2 


0.23 - 0.35 


Si02/AI 2 0 3 


6.7 - 9.5 


H 2 0/(K2 0 + Na2 0) 


10.5-50 



The ratio H 2 0/(K20 + Na 2 0 + Si0 2 + Ai 2 0 3 ) 
is preferably not greater than 6 to give a "dry gel". 

US 3,867,512 discloses a preparation of zeolite L from a reaction mixture having a molar composition: 



70 



75 



K2O/(K2 0 + Na 2 0) 


0.3- 


1 


(K2 0 + Na 2 0)/Si0 2 


0.3- 


•0.6 


SiCVAbOa 


10- 


40 


H 2 0/(^0 + Na 2 0) 


15- 


140 



in which the silica source is a gel having at least 4.5 weight percent water and prepared in a particular 
manner. 

L Wilkosz in Pr Chem 409 (1974) - Chemical Abstracts, Vol. 90 (1979) 573478 describes the 
20 preparation of zeolite L from a synthesis sol prepared by treating a solution containing silica, potassium 
hydroxide and sodium hydroxide with a second solution containing potassium aluminate, potassium 
hydroxide and sodium hydroxide and crystallizing for 72 hours at 20 'C and 122 hours at 100 °C. The 
zeolite L product has a Si02:AI 2 0 3 ratio of 6.4:1. 

G.V. Tsitsishvilli et al in Doklady Akademii NaukSSSR, Vol. 243, No. 2, pp 438-440 (1978) describe the 
25 synthesis of zeolite L from alumina-silica gels containing tributylamine. The gels used had the following 
molar ratios: 



Si02:AI 2 0 3 


25 


(K2O + Na2 0):AI 2 0 3 


18 


(K2O + Na 2 0):Si0 2 


0.72 


HstO/teO + Na 2 0 


20 


K 2 0:Na 2 0 


0.5 



35 Y. Nishiimura in Nippon Kagaku Zasshi 91, 11, 1970, pp 1046-9 describes in general terms zeolite L 
preparation from a synthesis mixture containing colloidal silica, potassium aluminate and potassium 
hydroxide having a Si0 2 :AI 2 0 3 ratio of 15 - 25, but exemplifies only two synthesis mixtures having the 
following ratios of components: 
7K z O:AI 2 O 3 :20SiO 2 :450H 2 O and 

40 8K2 0:AI 2 0 3 :1 0SiO 2 :500H 2 0 

Frety et al in C.R. Acad Sc. Paris, t275, Serie c-1215 describes the electron microscopy examination of 
zeolite L in which particles were said to be observed in the form of slightly deformed cylinders with very 
variable dimensions. 

US 3,298,780 describes a related zeolite known as UJ prepared from an aqueous reactant solution 
45 having a composition, expressed as molar ratios of oxides, corresponding to: 
SiOsj/AbOa of from 6 to 30 
R2/ u O/Si0 2 of from 0.30 to 0.70, and 
HbO/FVuO of from 80 to 140 

at a temperature between 150° F (65.6 • C) and 325 • F (1 62.8 • C) until the zeolite crystals are formed. 
50 Zeclite UJ is described as having nearly cubic shaped crystals with a crystal size ranging upward from 
0.05 micron. 

GB 1,393,365 describes a further related zeolite known as AG1 which is prepared by reacting at least 
one aluminium component, at least one silicon component and at least one alkali metal component, in an 
aqueous medium, the sole or major silicon component being a water glass having a molar ratio Si02/M 2 0 
55 of 3.5 to 4.0 to give a reaction mixture with oxide molar ratios in one of the following ranges: 
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Range 


Si0 2 /Al 2 0 3 


7- 14 




1 


(K2O + Na0 2 )/Si0 2 


0.25 - 0.85 






^0/(^0 + Na 2 0) 


0.75 - 1 


5 




n 2 U/\l\ 2 U + IN32U; 


^0 - loU 




Range 


Si0 2 /Al 2 0 3 


14-20 




2 


(K2O + Na 2 0)/Si0 2 


0.25 - 0.85 






teO/ffeO + Na20) 


0.5 - 1 






H 2 0/(KzO + Na20) 


25-160 


70 


Range 


Si0 2 /Al 2 0 3 


20-40 




3 


(K^O + Na 2 0)/Si0 2 


0.25 - 1 






1^0/(^0 + Na 2 0) 


0.4-1 






H 2 0/(^0 + Na 2 0) 


25-160 



EP0096479 describes zeolite L crystallites in the form of distinct circular cylinders with a mean 
diameter of at least 0.5 micron and an aspect ratio of at least 0.5, and their preparation in which an alkaline 
reaction mixture comprising water, a source of silicon and a source of aluminium with a composition falling 
within the following molar ratios (expressed as oxides): 



M 2 / n O/Si0 2 


0.22 - 0.36 


H 2 0/M 2 0 


25-90 


Si0 2 /Al 2 0 3 


6-15 



25 

(wherein M is a cation of valence n, and preferably potassium or a mixture of K + M 1 in which M 1 is an 
alkali metal or alkaline earth metal such as sodium, calcium, barium, or rubidium, provided that te/nO/M^O 
+ K2O) is at least 0.7) is heated to a temperature of from at least 75 # C and preferably from 100'C to 
250* C, more preferably from 120 * C to 225* C, to form the desired cylindrical aluminosilicate. 
30 EP01 42353 describes a process for the preparation of zeolite L in which an alkaline reaction mixture 
comprising water, a source of silicon and a source of aluminium with a composition having the following 
molar ratio (expressed as oxides): 



M 2 / n O/Si0 2 


0.22- 


■0.30 


H 2 0/M 2 0 


25- 


•45 


SiCfc/AfeCb 


10 • 


- 12 



(wherein M is as defined hereinbefore) is heated to a temperature of greater than 150*C for a period long 
40 enough to form zeolite L 

EP01 42354 describes a process for the preparation of zeolite L in which an alkaline reaction mixture 
comprising water, a source of silicon and a source of aluminium with a composition having the following 
molar 5 ratio (expressed in oxides): 



M 2 / n O/Si0 2 


0.24 


-0.35 


H 2 0/M 2 0 


35 


-80 


SiCfc/AfeOs 


5.7 


-7.8 



50 (wherein M is as defined hereinbefore) is heated to a temperature of greater than 200 0 C to form zeolite L. 
Further zeolite L preparations are described in EP01 42355, EP01 42347, EP01 42348 and EP01 42349. 
It was subsequently found that zeolite L may be used as a catalyst base in aromatization reactions. 
US4, 104,320 discloses dehydrocyclization of aliphatic compounds in the presence of hydrogen using a 
catalyst comprising zeolite L and a group VIII metaljn which the zeolite L is of the formula: 

55 

M 9 /n (AlOaMSKfcfc? 

(where M is a cation of valence n) but the silica to alumina ratio may vary from 5 to 7. Zeolite L is 
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described as occuring in the form of cylindrical crystals a few hundred Angstroms in diameter. 

East German Patent 88789 discloses dehydrocyclization using a catalyst formed from a zeolite 
precursor with a silica to alumina ratio of up to 70. Zeolite L is mentioned as a precursor. 

European Patent Application Publication 40119 discloses a dehydrocyclization process operating at low 
s pressure (1 to 7 bars) or low hb/hydrocarbon ratio using a catalyst comprising platinum on a potassium 
zeolite L BE 888365 describes dehydrocyclization using a catalyst comprising platinum, rhenium 
(incorporated in the form of its carbonyl) and sulphur to give an atomic ratio of sulphur to platinum of 0.05 
to 0.6 on a zeolitic crystalline aluminosilicate base such as zeolite L BE792608 discloses the treatment of 
zeolite L for use as catalyst in isomerization by exchange with ammonium and chromium ions. EP01 42351 
70 describes a method for improving the dispersion of noble metal particles on zeolite L to provide an 
improved reforming catalyst. EP01 45289 describes a catalyst comprising zeolite L and highly dispersed 
particles of a Group VIII metal. 

GB21 16450 describes a zeolite catalyst comprising a zeolite of the L family, at least one Group VIII 
metal and an alkaline earth metal selected selected from barium, strontium and calcium. The catalyst is 
75 used for reforming, dehydrocyclizing acyclic hydrocarbons, dehydroisomerizing alkylcyclopentanes and 
dealkylating toluene. Process using such catalyst are described in GB21 14150 and GB21 42648. 

It has now been found that an improved zeolite L, but having a characteristic morphology and/or size 
and/or cation content is particularly valuable for use as a catalyst base in hydrocarbon conversions such as 
aromatization. 

20 The prior art, and particularly EP 0096479, EP 0142353 and EP 0142354, teaches that in zeolite L 
synthesis a reduction in alkalinity leads to zeolite W formation, and also to larger crystallites. It has 
surprisingly now been found that by incorporation of certain additional metals in the synthesis gel zeolite L 
may be made at low alkalinities and under conditions which normally favour formation of other zeolite 
species. Furthermore small crystallites may be obtained with a particular shape which has shown 

25 advantages in catalyst performance. 

Thus, in one aspect this invention concerns zeolite L comprising crystallites in the form of cylinders with 
basal planes of such a shape that the ratio of axial length of curved cylindrical surface (1) to the overall axial 
length of the crystallite (h) is greater than 0.9, and preferably approaches 1 , and the aspect ratio (the ratio 
of the axial length of the cylindrical surface 1 to the mean diameter d), is at least 0.5 . A geometrically 

30 perfect cylinder with completely flat basal planes would have 1=h, and 1/h = 1 , while any doming or 
growths on the basal surfaces mean that h is greater than 1 , and 1/h is less than 1 . We have now found that 
more perfect cylinders, with flatter basal planes than obtained in EP0096479, result in a zeolite L product 
with better catalytic performance. 

The cylindrical crystallites preferably have a mean diameter (d) of at least 0.05am, more preferably at 

35 least 0.1um. The aspect ratio is more preferably at least 0.75 and most preferably at least 1. 

A particularly preferred zeolite L of the invention comprises crystallites in the form of well-defined, 
smooth-surfaced cylinders with substantially flat basal planes, and thus a 1/h ratio of substantially unity, a 
mean diameter d of from 0.1 to 0.5um, and an aspect ratio of (1/d) from 0.75 to 5. 

Preferably the zeolite L comprises cylindrical crystallites wherein at least 80%, more preferably at least 

40 90%, of the basal planes are microscopically flat to within 200 A, and thus do not exhibit spiral step growths 
thereon. 

The zeolite L of the invention may also have a relatively high silica/alumina ratio, of greater than 6.5. 
The cylindrical crystallites described in EP0096479 have silica/alumina ratio of not greater than 6.3, and 
zeolite L products described therein with higher silica/alumina ratio were in the form of clams or discs (that 

45 is, with an aspect ratio of less than 0.5). 

The zeolite L of the invention is characterised by its cylindrical morphology. The terms "cylinder" and 
"cylindrical" are used herein to describe the shape of a cylinder as defined in solid geometry - that is, a 
solid bounded by a surface generated by a line moving parallel to a fixed line so as to cut a fixed plane 
curve and by two parallel planes (bases) which cut the surface. The cylinders will generally be circular 

so cylinders, that is, with circular cross-section, but in the context of the invention the cylinders may also 
exhibit some flattening of the cylindrical surface such that the cross-section has polygonal, and particularly 
hexagonal character - that is to say is in the form of a curvilinear hexagon - and the terms "cylinder" and 
"cylindrical" are used to include such forms. 

The zeolite L of the invention displays an x-ray diffraction pattern typical for zeolite L, subject to the 

55 changes in position and intensity of the x-ray lines discussed in EP0096479. Occasionally, additional lines 
not belonging to the pattern for zeolite L appear in a pattern along with the x-ray lines characteristic of the 
zeolite. This is an indication that one or more additional crystalline materials are mixed with zeolite L in the 
sample being tested. It is a preferred feature of the invention that the amount of such additional crystalline 
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materials is minimised in the zeolite material as synthesized. In particular, it is preferred that the synthesis 
of the zeolite of the invention is conducted so that the amount of zeolite W in the product of the synthesis is 
minimised. Further, the synthesis of the zeolite of the invention is preferably conducted such that the 
product of the synthesis is substantially free of any additional crystalline phase giving rise to a line in the x- 

5 ray pattern at d (A) value of 6.28 t 0.05. 

The zeolites of the invention are preferably aluminosilicates and will be described hereinafter in terms of 
aluminosilicates, though other elemental substitutions are possible, for example aluminium may be substi- 
tuted by gallium, boron, iron and similar trivalent elements, and silicon may be substituted by elements 
such as germanium or phosphorus. The aluminosilicates preferably have a composition (expressed in terms 

w of molar ratios of the constituent oxides in anhydrous form) of: 

(0.9 - 1.3) M 2 /nO:Al20 3 :xSi02 

wherein M represents one or more cations of valence n, x is from 5 to 7.5, preferably from 6.5 to 7.5. The 
75 zeolitic materials of the invention have high crystallinity as shown by a well-defined x-ray diffraction pattern 

(without binder or other diluents present) with sharp peaks. 

The exchangeable cation M in general formula I is potassium, but it is possible for a part of M to be 

replaced by other cations such as alkali metals for example sodium. As described hereinafter, such cations 

may be introduced during synthesis. The ratio M 2/n O : AI 2 Oa is preferably from 0.95 to 1.15 and generally 
20 above 1 . 

The aluminosilicate forms of the invention may be hydrated, typically with from 0 to 9 moles of water 
per mole of AI2O3. When used as a catalyst base, as described hereinafter, the zeolite of the invention is 
preferably first calcined to remove water. In normal preparation from aqueous gels a hydrated form is first 
prepared and this may be dehydrated by heating. 

25 Cylindrical particles have been shown in EP0096479 to have excellent properties of extending catalyst 
life when used as catalyst bases for aromatization catalysts as compared to the morphologies produced by 
prior art processes. It is now found that particles of this invention provide a mean of extending catalyst life 
still further and/or giving surprising increases in activity in aromatization and/or in selectivity to aromatic 
products and/or show increased stability. 

30 It is further surprising feature of the invention that the improved zeolite L with cylindrical morphology 
may be prepared the presence of small amounts of additional metals, preferably alkaline earth metals and 
certain transition metals by controlling the composition of the reaction mixture within certain limits, which in 
the absence of additional metal do not necessarily result in the desired zeolite L. 

In another aspect, therefore, the invention provides a process for the preparation of zeolite L crystallites 

35 in the form of cylinders, in which an alkaline reaction mixture comprising water, a source of an alkali metal, 
a source of silicon, a source of aluminium and a source of an additional metal M 11 , with a composition 
falling within the following molar ratios (expressed as oxides): 



40 



(M^O + M 11 2/ n O)/Si02 


0.18-0.36 


H 2 0/(M 1 2 0 + M 11 2/ n O) 


25-90 


Si0 2 /Al 2 0 3 


5-15 


M 1 2 0/(M 1 2 0 + M 11 2y n O) 


0.9 - 0.9999 



45 (Wherein M 1 is an alkali metal, M 11 is magnesium, calcium, barium, manganese, chromium, cobalt, nickel or 
zinc cation and n is the valence of M 11 ) is heated to a temperature of from at least 75 °C and preferably 
from 100 # C to 250 *C, more preferably from 120 # C to 225 W C, to form the zeolite L of the invention. 

There are five principal components to the reaction mixture or synthesis gel and thus generally: 
aluminium 

50 silicon 

alkali metal, preferably potassium 

additional metal M 11 

water 

and the relative proportions of these components and the chosen reaction conditions are important if the 
55 desired zeolite L of the invention is to be obtained. 

Zeolite W tends to be formed as a contaminant in zeolite L preparation at some extremes of gel 
composition. It is advantageous for the zeolite W content of the product to be minimized. The zeolite W 
content of the product can be monitored by its x-ray diffraction pattern. 
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A characteristic prominent line 35 in the zeolite W XRD pattern is at 20 a 12.6* (d = 7.09 A), while a 
prominent line in the zeolite L XRD pattern is at 20 = 22.7° (d 3.91 A). The relative peak intensities of 
these peaks can be compared to determine the relative proportions of the two zeolite types, since these 
peaks are not obscured in mixtures of the two zeolites. It is a preferred feature that Zeolite of the invention 
5 has an XRO pattern in which the peak height ratio (d a 7,09 A)/ (d = 3.91 A) is not greater than 0.2. Very 
preferably the product is substantially free of zeolite W as evidenced by an absence of the XRD pattern of a 
line at a d spacing of 7.09 A. As described in EP0096479, it was previously thought necessary to avoid 
contamination for the reaction mixture to comprise the reactants in the following molar ratios: 

10 M 2/n O/Si0 2 = > 0.25 
B20/M 2 / n O = < 65 
Si0 2 /Al 2 0 3 = 7.5 - 10.5 

It is a surprising feature of the present invention that a highly crystalline product of the invention, 
75 substantially free of zeolite W may be obtained from a reaction mixture outside the ranges taught by the 
prior art, and specifically in which: 
Ma/nO/SiCfe < 0.25 and/or 
H 2 0/lvl2/ n O > 65 and/or 

20 Si0 2 /Al 2 0 3 = 5- 7.5 

by selecting a reaction mixture such that M is a mixture of M' + M 11 where: 

M 1 2 0/(M 1 2 0 + M 11 2/ n O) = 0.900 - 0.9999 

25 

Thus, in another aspect this invention provides a process for the preparation of zeolite L, in which a 
reaction mixture comprising water, a source of alkali metal, a source of silicon, a source of aluminium and a 
source of an additional metal M 11 is heated to a temperature of at least 75 *C to form the desired zeolite L, 
the reaction mixture being such that in the absence of the additional metal M 11 the formed product would 

30 comprise substantial amounts of of zeolite W, in which the presence of the additional metal M 11 results in 
reduced contamination by zeolite W. It is surprisingly found that very small amounts (even in some systems 
as low as a few parts per million) of the additional metal are effective at surpressing zeolite W, though the 
zeolite W level i the product depends upon other components of the reaction mixture. 
The effect of the additional metal M 11 in supressing the tendency to zeolite W formation in a zeolite L 

35 reaction gel is extremely valuable since it effectively expands the range of reaction mixtures which can be 
used to obtain a high quality zeolite L product. The effect of M 11 in suppressing zeolite W formation may 
also be demonstrated by using different crystallisation conditions. In general, a zeolite L crystallisation gel is 
extremely susceptible to zeolite W contamination if subjected to shear forces - for example, by stirring the 
gel during crystallisation. We have now found that zeolite L may be prepared in a stirred crystallisation by 

40 incorporating additional metal M 11 in the gel. The invention extends to a stirred process for zeolite L 
formation in which the tendency to zeolite W formation is be prevented by incorporation of a metal M n in 
the reaction mixture. The reaction mixture may, for example, be a gel as described in EP0096479 to which 
a zeolite W-suppressing amount of M 11 is added. 

Thus, in a further aspect, this invention provides a method of supressing zeolite W formation in the 

45 preparation of zeolite L from a crystallization gel in which the gel composition and/or crystallization 
conditions such as stirring would otherwise allow zeolite W formation, which method comprises introducing 
into the gel a zeolite W-suppressing amount of a source of an additional metal M 11 . The zeolite W- 
suppressing amount is as indicated above surprisingly small, and since the additional metal also tends to 
result in smaller crystallite size in the product, it will not be desirable to increase the amount of additional 

so metal beyond the level at which zeolite W is suppressed if smaller crystallites are not wanted. It has been 
found that the best results are obtained at extremely low, but non-zero, amounts of additional metal. 

The alkali metal M* is very preferably potassium (K), but may be a mixture of potassium with other 
alkali metals, for example sodium. It is a further surprising feature of the invention that a greater degree of 
replacement of potassium by other alkali metals in possible in the presence of the additional metal without 

55 significant amounts of zeolite W being formed in the Zeolite L product. EP0096479 indicates that the 
preferred maximum amount of alkali metal other than potassium is 30 mole % of the total alkali metal 
content. We have found that at this level of other alkali metal and even at greater levels the tendency to 
form zeolite W may be substantially completely surpressed by the presence of the additional metal M 11 . 
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Thus, the preferred zeolites of the invention may be obtained within the following preferred ranges: 



(M^O + M^z/nOySiOa 


0.18-0.26 


H 2 0/(M 1 2 0 + M 1l 2/ n O) 


50-90 


Si02/AI 2 0 3 


6- 12 


M 1 2 0/(M 1 2 0 + M u 2y n O) 


0.959 - 0.9999 



where M 1 is potassium or a mixture of potassium and a second alkali metal M 2 and K2O/K2O + M 2 0 = 
70 0.5-1. 

The amount of the additional metal M 1l may be very low, only a few ppm of the reaction mixture, and 
yet still have an effect in promoting zeolite L formation, forming smaller and/or more cylindrical zeolite L 
particles and/or promoting the properties of the zeolite L product. Thus in a further aspect this invention 
provides a process of preparing zeolite L in which there is added to the synthesis gel prior to crystillization 

75 a source of an additional metal M 11 in an amount such that the amount of additional metal in the gel is from 
0.1 ppm to 0.1 wt% of the gel, preferably from 5 ppm to 0.05 wt% of the gel. 

In addition to varying the proportions of the reactants in the reaction mixture, it is possible to vary the 
reaction conditions and in particular the crystallisation temperature. By using different temperatures, it may 
be possible to deviate further from the preferred composition defined above and yet still obtain the desired 

20 product. In general, within the broad reactant ratios defined for the process of the invention, a higher 
crystallisation temperature enables the silicon content to be lowered and/or the water content to be lowered 
and/or the potassium content (and thus the alkalinity) to be raised. By contrast, operating at lower 
temperatures tends to decrease the nucleation rate which can be countered by lowering the alkalinity and/or 
by increasing the water content and/or by introducing seeds of preformed zeolite L. Increasing the alumina 

25 content enables higher yields of zeolite L to be obtained, whereas the prior art teaches that this leads to 
zeolite W formation. 

The additional metal M 11 may be introduced as any convenient compound such as an oxide, carbonate, 
silicate hydroxide or sulphate. Barium sulphate has been found an effective source of barium even though 
not soluble in the reaction medium. The additional metal M 11 is preferably magnesium, calcium, barium, 
30 zinc or cobalt though chromium manganese or nickel may also be employed. 

The function of the additional metal is not wholly understood but at least some of the metals are 
believed to form highly insoluble silicates which may form very fine suspensions of silicate particles which 
will function as nuclei or seeds for zeolite L formation. Thus additional metals forming highly insoluble 
silicates are preferred. 

35 In the synthesis of all zeolitic materials of the invention, the source of silicon for the reaction mixture is 
generally silica, and this is usually most conveniently in the form of a colloidal suspension of silica such as 
Ludox HS 40 available from E.I. Dupont de Nemours and Co. Colloidal silica sols are preferred since they 
result in less contaminating phases. However, other forms such as silicates may be used. 

The source of aluminium may be an alumina introduced into the reaction medium as, for example, 

40 AI 2 03.3H 2 0, previously dissolved in alkali. However, it is also possible to introduce aluminium in the form of 
the metal, which is dissolved in alkali. 

The aluminosilicates of the invention are preferably obtained from reaction mixtures containing potas- 
sium. This potassium is preferably introduced as potassium hydroxide. 

The product of the processes described above is a mixed cation form of the zeolite containing alkali 

45 metal, preferably potassium, and metal M 11 . The molar ratio of 1^0/(^0 + M l1 2/ n O) in the product of the 
invention is preferably greater than 0.95, more preferably greater than 0.98. The amount of the cation M 11 in 
the zeolite is preferably less than 0.1 wt% of the zeolite L, and may be below 0.05 wt% of the zeolite L. By 
ion exchange of the product in the manner conventional to zeolite chemistry, other cations can be 
introduced. However it is a surprising feature of the invention that the cation M 11 cannot be completely 

so replaced by ion exchange indicating that some of them at least of the M 11 cations are in non-excahngeable 
sites in the zeolite L structure. 

Within the ranges specified hereinbefore for the composition of the reaction mixture, it is possible to 
choose ratios of oxides and alkalinity to given particular forms of the aluminosilicate product. The 
SiCfe/AbOa ratio in the reaction mixture may vary over a wide range but the Si0 2 /AI 2 03 ratio in the product 

55 preferably lies in a relatively narrow range of 5.4 to 7.4. The higher the Si0 2 /Al 2 0 3 ratio in the reaction 
mixture, the higher the ratio in the product. Also, decreasing alkalinity (OH~/Si0 2 ) tends to increase the 
SiCVAbOs ratio in the formed product. Dilution of the reaction mixture with water and thus increasing the 
^O/teO ratio also tends to increase the Si0 2 /Al 2 0 3 ratio in the product. 
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Particle size is also affected by the composition of the reaction mixture and the nature of the raw 
materials used. Generally, the particles formed are in the range of from 0.05 to 4.0 urn, but the use of the 
metal M 11 tends to favour small particles, despite the low alkalinity of the synthesis gel. However, even in 
the presence of M 11 larger, but still small, particle sizes are favoured by lower alkalinity. Higher dilution and 
5 high temperatures tend to favour formation of particles with an increased l/d ratio. 

Crystallization time is related to the crystallisation temperature. The crystallisation is preferably carried 
out in the region of 150*C and at this temperature the crystallisation time may be from 24 to 96 hours, 
typically from 48 to 72 hours. Lower temperatures may require much longer times to achieve good yield of 
the desired product, whereas times of less than 24 hours are possible when higher temperatures are used. 
io A time of 8 to 15 hours is typical for a temperature of 200* C or greater. 

The crystallisation is generally carried out in a sealed autoclave and thus at autogenous pressure. It is 
generally inconvenient, although possible, to employ higher pressures. Lower pressure will require longer 
crystallisation times. 

Following the preparation as described above the zeolite L may be separated, washed and dried in the 
75 normal manner. 

The products of the processes of the invention described hereinbefore are preferably substantially free 
from contaminant crystalline and amorphous materials. However, in employing these products in catalytic 
applications it may be desired to combine them with additional crystalline or amorphous materials and this 
invention extends to such combinations. 

20 We have found that the zeolite L of the invention is an excellent catalyst base and may be used in a 
wide variety of catalytic reactions. The particular morphology of the crystals appears to result in a particular 
stable base for catalytically active netals with a surprising resistance to metal catalyst deactivation. In 
addition, the zeolite L of the invention has displayed low acidity which makes it especially suited to catalytic 
applications where a low acid site strength is advantageous such as aromatisation. 

25 The catalytically-active metal(s) may be, for example, a Group VIII metal such as platinum, tin, or 
germanium as described in US 4,104,320, or a combination of platinum and rhenium as described in GB 
2,004,764 or BE 888365. In the latter case, the catalyst may for appropriate circumstances also incorporate 
halogen as described in US 4,165,276, silver as described in US 4,295,959 and US 4,206,040, cadmium as 
described in US 4,295,960 and US 4,231,897 or sulphur as described 1n GB 1,600,927. 

30 We have found a particularly advantageous catalyst composition to incorporate from 0.1 to 6.0 weight%, 
preferably from 0.1 to 1.5 weight% platinum or palladium, since this gives excellent results in aromatisation. 
From 0.4 to 1.2 weight% platinum is particularly preferred, especially in conjunction with the potassium 
form of the aluminosilicate. The invention extends to catalysts comprising the zeolitic material and a 
catalytically-active metal. 

35 It may also be useful to incorporate into the catalyst of the invention one or more materials substantially 
inert under the conditions in which the catalyst is to be employed to act as a binder. Such binders may also 
act to improve the resistance of the catalyst to temperature, pressure and attrition. 

The zeolite L of the invention may be used in a process for the conversion of a hydrocarbon feed in 
which the feed is contacted with a catalyst as described above under appropriate conditions to bring about 

40 the desired conversion. They may, for example, be useful in reactions involving aromatisation and/or 
dehydrocyclisation and/or isomerisation and/or dehydrogenation reaction. They are particularly useful in a 
process for the dehydrocyclisation and/or isomerisation of aliphatic hydrocarbons in which the hydrocarbons 
are contacted at a temperature of from 370 to 600 'C, preferably 430 to 550* C, with a catalyst comprising 
zeolite L of the invention, preferably having at least 90% of the exchangeable cations M as alkali metal ions, 

45 and incorporating at least one Group VIM metal having dehydrogenating activity, so as to convert at least 
part of the aliphatic hydrocarbons into aromatic hydrocarbons. 

The aliphatic hydrocarbons may be straight or branched chain acyclic hydrocarbons, and particularly 
paraffins such as hexane, although mixtures of hydrocarbons may also be used such as paraffin fractions 
containing a range of alkanes possibly with minor amounts of other hydrocarbons. Cycloaliphatic hydrocar- 

50 bon such as methylcyclopentane may also be used. In a preferred aspect the feed to a process for 
preparing aromatic hydrocarbons and particularly benzene comprises hexanes. The temperature of the 
catalytic reaction may be from 370 to 600 'C, preferably 430 to 550 *C and preferably pressures in excess 
of atmospheric are used, for example up to 2000 KPa, more preferably 500 to 1000 KPa. Hydrogen is 
employed in the formation of aromatic hydrocarbons preferably with a hydrogen to feed ratio of less than 

55 10. 

The process is preferably otherwise carried out in the manner described in US 4,104,320, BE 889365, 
EP 40119, EP 0142351, EP 0145289 or EP01 42352. 

It has been found that use of the zeolite L of the invention in this way enables greatly improved catalyst 
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lifetimes to be achieved as compared to the lifetime obtained with a conventionally prepared zeolite. 

The invention will now be described in more detail, though only by way of illustration, in the following 
examples and evaluations. 

5 Comparative Example 1 : Preparation of Zeolite L 

Zeolite L was prepared according to the procedure of EP 0096479. A synthesis gel was prepared 
having the following composition expressed in moles of pure oxide: 

w 2.6OK2 0:AI 2 0 3 :1 OSi O2 : 1 6OH2 0 

This gel was prepared as follows: 
The aluminium hydroxide was dissolved by boiling in an aqueous solution of potassium hydroxide pellets 
(86% pure KOH) to form Solution A. After dissolution any water loss was corrected. A separate solution, 
75 Solution B, was prepared by diluting colloidal silica (Ludox HS 40) with water. 

Solutions A and B were mixed for two minutes to form a gel, and just before the gel became fully stiff, it 
was transferred to a Teflon-lined autoclave, preheated to 150*C and held at that temperature for 72 hours 
to bring about crystallisation. 

The formed zeolite L was highly crystalline with a typical zeolite L x-ray diffraction (XRD) pattern. 
20 Scanning electron micrographs (SEM) show the product to be formed solely of cylindrical crystals having a 
mean diameter of 1 to 2 microns, an aspect ratio (l/d) of 0.5 - 1 and an l/h ratio of 0.65 - 0.85. The 
SKfciAbOa ratio in the product was 6.3. 

Comparative Example 2-6: 
25 Variation of potassium content 

As shown in Table 1, the variation of the amount of potassium in the case where M = K was also 
investigated. Variation of potassium content from 2.41 moles K2O (Example 3) to 2.75 moles K2O (Example 
2) gave zeolite L with a cylindrical form, but with 1/h < 1. Example 4 gave zeolite L with a morphology 
30 intermediate a clam shape and the cylinder shape - that is, 1/h was very much less than 1. 

A low potassium content of 2.15 moles K2O (Example 5) gave a product with low crystallinity. A high 
potassium content of 3.4 moles K2O (Example 6) gave a clam-shaped product. 

Example 7: Preparation of zeolite L of the invention 

35 

The procedure of Example 1 was modified by the addition of certain metal cations to the synthesis gel. 
Solution A was prepared from: 



KOH (87.5% KOH) pellets 


30.81 g 


Aluminium hydroxide 


15.61 g 


Water 


49.82 g 


Additional water 


25.39 g 



45 The aluminium hydroxide powder was dissolved in the potassium hydroxide solution by boiling. After 
cooling to ambient temperature, the water loss was corrected. 
Solution B was prepared from: 



Barium hydroxide Ba(OH>2.8H2 0 


0.17 g 


Silica (Ludox® HS 40) 


150.16 g 


Water 


120.32 g 


Seeds of zeolite L from Example 1 


0.75 g 



55 Barium hydroxide powder was added to the colloidal silica solution, which gelled on mixing. The synthesis 
gel was seeded with pre-formed zeolite L crystallites to enhance the crystallization process, but such 
seeding is not essential. 

Solution A was added to Solution B and mixed for 5 minutes to form the synthesis gel. This had the 
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composition (in moles of oxides): 

2.4K2 O:0.005BaO:AI 2 0 3 : 1 0SiO 2 : 1 64H 2 O 

s Crystallisation was conducted at 1 75 * C for 73 hours. The product was washed 4 times with 500 cm 3 
water. The pH of the water from the last washing was 10.6. The product was dried at 125° C and the results 
are given in Table 3. The barium content of the product was measured to be about 300 ppm by atomic 
adsorption spectroscopy, and about 80 ppm by ion plasma emission spectroscopy. 

w Examples 8-17: Preparation of zeolite L of the invention 

The procedure of Example 7 was repeated with different amounts of barium present and using 
magnesium and calcium in place of barium, with and without seeding. The synthesis conditions are set out 
in Table 2 and the details of the products are given in Table 3. 
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The products obtained are in Examples 8 to 13 - small cylindrical particles of zeolite L. In Example 14, 
no zeolite L was seen after 65 hours, and by extending the crystallisation time, an alien phase (unidentified) 
55 was produced. Thus, for calcium addition, the gel and crystallisation conditions were inappropriate for 
zeolite L formation, but Example 13 shows that for that particular additional metal at higher potassium 
levels, zeolite L is produced. It is necessary to select the crystallisation temperature and time to optimise 
zeolite L preparation for a given synthesis gel composition, and shorter crystallisation times with the 
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Example 14 gel may increase zeolite L production. 
Example 18: Stirred zeolite L synthesis 

The procedure of Example 8 was repeated except that the crystallisation was carried out tor 136 hours 
at only 1 00 *C while stirring at 25 rpm. By way of comparison, a synthesis was conducted under the same 
conditions using gel containing no barium but otherwise identical. 





BaO/AI 2 0 3 


Crystallisation 


Zeolite 


d(um) 


Example 18 


0.01 


100*C/136 hours/ 25 rpm 


L 


0.1-0.2 


Comparison 


0 


100*C/144 hours/ 25 rpm 


W 





Conducting the synthesis of Example 18 without barium and without stirring at 100' C takes in excess 
of 400 hours to produce zeolite L. 

Examples 19 to 21: Effect of additional metal on particle size 

The procedure of Example 7 was repeated using synthesis 5 gels with a molar composition of: 
2.39 K2O/xBaO/AI 2 O 3 /10 Si0 2 /164 H 2 0 

in which the Ba content x was varied from 0.01 to 0.04. These were crystallized for 72 hours at 170* C in 
300 ml stainless steel autoclaves. The resulting crystalline products were examined by X-ray diffraction and 
scanning electron microscopy. The products were pure Zeolite L. As shown in the table below, the 
crystallite size was gradually reduced with increasing Ba content in the gel: 



Influence Ba content in gel on KLs crystallite size 


Example 


Ba content (moles/10 moles Si0 2 ) 


Crystallite size length * width (micronmetres) 


7 


0.005 


0.7 * 0.4 


19 


0.01 


0.4 * 0.2 


20 


0.02 


0.2 * 0.2 


21 


0.04 


0.1*0.1 



Example 22 and Comparative Example 23: Effect of Alumina Content 

40 

The procedure of Example 7 was repeated using synthesis gels with the following compositions: 
Ex 22: 2.41 Kz O: 0.005BaO: 1 .51 Al 2 0 3 : 1 0SiO 2 : 1 62H 2 O 

Comp Ex 23 2.41 Kz O: 0.005BaO: 1 .76AI 2 0 3 : 1 0S\Ch : 1 63H 2 O 
without the addition of seeds. These gels were crystallized for 57 hours at 175* C. 
45 Example 22, which the prior art suggests would result in zeolite W formation because of the high 
alumina content, gave a 21 .4 wt% yield of zeolite L. XRD investigations showed this product to be highly 
crystalline zeolite L with a low level of zeolite L contamination. W/L ratio (as defined hereinbefore) is 
measured as 0.09. 

Comparative Example 23 gave a pure zeolite W product, indicating that a SiOst/AfeOs of 5.68 was too 
so low for the alkalinity and water content chosen. 

Examples 24 and 25 - Zeolite L synthesis in the presence of zinc 
Example 24 

55 

A synthesis gel with a molar composition of: 
2.31 teO/0.1 ZnO/AI 2 O 3 /10 SiO 2 /160 H 2 0 
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containing 0.1 wt% preformed KL crystallites as a seed was crystallized at 150*C for 65 hours in a 300 ml 
stainless steel autoclave. 

XRD showed that the product was an excellent crystalline (82% vs Comparative Example 1) product 
free of zeolite W and other crystalline contaminants. SEM showed that the product consisted of 0.2 micron 
5 cylindrical crystallites with an l/d ratio between 1 and 2. 

Example 25 

In this experiment the Zn content in the gel was, compared with example 1, reduced by 80%, ie. the gel 
70 composition was: 

2.31 Kz/0.02 ZnO/AI 2 O/10 S1O2/I6I H 2 0 

This gel was aged at 150* C for 67.5 hours in a 300 ml stainless steel autoclave. XRD showed that the 
75 product again was pure zeolite L without contaminants. The XRD crystallinity of the product was 103% vs 
comparative Example 1 indicating the presence of larger crystallites. SEM indeed showed that the product 
consisted of 0.7 micron cylindrical crystallites with an l/d ratio of 1.5. The cylindrical crystallites had a 
'perfect' appearance - ie. very flat basal planes. 

This demonstrates that 

20 - even trace amounts of Zn 2+ species sufficiently supress the formation of zeolite-W and 

- the crystallite size can be finely tuned by adjusting the Zn content in the synthesis mixture. 

Example 26: Unseeded synthesis 

25 The procedure of Example 7 was repeated but without the addition of seeds. A substantially similar 
zeolite L product was obtained with the characteristics and properties set out in Example 7. 

Example 27: Use of different barium salts 

30 Example 26 was repeated replacing barium hydroxide by a series of insoluble barium salts as the 
source of barium. The synthesis gel and crystallization conditions were otherwise identical to those used in 
Example 26. The results are given below: 



Ba Source 


Product 


W/L Ratio 


U6 


L/h 


Barium Sulphate 


Cylindrical zeolite L 


<0.01 


>1 


1 


Barium Carbonate 


Cylindrical zeolite L 


<0.01 


>1 


1 


Barium Silicate 


Cylindrical zeolite L 


<0.01 


>1 


1 



Despite these barium sources being insoluble in water the synthesis is in each case effective in 
producing the cylindrical crystallites of zeolite L having flat basal planes. 

Examples 28-30 and Comparative Examples 31 and 32: 
Replacement of potassium by sodium 

The procedure of comparative Example 1 was repeated replacing 30% and 40% (molar) of the 
potassium by sodium in the synthesis gel, by employing sodium hydroxide in place of the appropriate 
proportion of potassium hydroxide. In each case two syntheses were carried out, one with the addition of 
barium hydroxide (in an amount of 0.005 moles BaO per mole of AI2O3) and one without. The synthesis 
gels were each crystallized for 67.5 hours at 150*C in a stainless steel autoclave. The results are given 
below: 



55 
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Example 


Na2 0/K2 0 + Na 2 0 
(molar ratio) 


Ba (moles BaO/mole AI2O3) 


Product 


W/L Ratio 


28 


0.3 


0.005 


Zeolite L 99% crystalline* 


0.02 


29 


0.4 


0.005 


Zeolite L 99% crystalline* 


0.02 


30 


0.5 


0.005 


Zeolite L 


0.3 


Comp.31 


0.3 


0 


Zeolite L 


0.3 


Comp.32 


0.4 


0 


? 


0.5 



*Crystallinity relative to Comp. Example 1 . 



The Examples show that in the presence of large amounts of sodium which otherwise tend to lead to 
zeolite W formation, the introduction of small amounts of barium enhances zeolite L formation. 

75 Examples 33-36 and Comparative Examples 37-41 : 
Investigation of different additional metals 

Synthesis gels were prepared by the general procedure of Example 1 with the following gel composi- 
tion, expressed in terms of moles of oxides: 

20 

2.35K20: AI2O3: 10 Si02: 160 H 2 0 

to which had been added small amounts of various additional metals as set out below. The gels were 
crystallized for 66 hours at 175' in a 300ml stainless steel autoclave. The product obtained is also indicated 
25 in Table A below. 

These results show that the additional metals of the process of the invention give reduced zeolite W 
formation and smaller crystals of zeolite L than can be obtained in the absence of additional metal or in the 
presence of Hg, Cd, Fe or La. 

30 Examples 42-44: Variation of cobalt concentration 

The procedure of Example 34 was repeated with reduced amounts of added cobalt, introduced as 
cobalt nitrate sexahydrate. The results obtained are set out in Table B below. 

This shows that the size reduction obtained with cobalt (of Comparative Example 41) is even greater 
35 than obtained with barium. 

Examples 45-52: Variation in magnesium concentration 

The procedure of Example 34 was repeated but replacing cobalt with various concentrations of 
40 magnesium, added either as magnesium hydroxide or magnesium nitrate. The results obtained are set out 
in Table C below. 



45 



50 



55 



17 



EP 0 219 354 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



< 

I 



i 



x) 
u 



<0 
4J 



s 

o 



8 



& OS 



4J 



to 

w w 



cm 
O 

CO 

o 



CO 
0) 



8 



4) 



X 



©inOfMCMCMCMCMcM 
I O I I I I I ( I 

cn • cm m in in in in in 

♦ o 

O © rH f-H iH i— t «H «H 



o o ^ ^ ^* ^ 

I rH i i i i i i 

^* • cm co co co co co 

• o 

o o 



I 

co 



igwcocoiococqwco 



i-i cm co os o in o 

O O CM ^ i— I rH ^-t 

• •••••• 

ooooooooo 



ro cm oo vp i— » rn cm oo 
oo 9i oo oo 0s 





o 


in 


m 


o 


o 






in 


in 


CM 


CM 


m 


in 


CM 


CM 


o 


o 


O 


o 


o 


o 


O 


o 


• 


• 


■ • 


• 


• 


• 


• ■ 




o 


o 


o 


o 


o 


o 


o 


o o 



% cP % 

Sfi S 3C 

Q \o Co OS O O 

cm • • cm (Si 

ac cm cm m as ae 

^* *•"■««. oo r** c^ 

• ro cn • • 

™ Q £ Q <n ^ ac 



r*^ 00 OS O «"H 



co ^ m vo 

CO ro CO CO 



c 
o 



•8 

4J 

•& 

•H 

jc 

(0 

8, 

CO 
3 

8 

CO 



cn 

CP 



=3 

"8 

w 

a 

CO 

§ 

4 



$ (0 

W CO 

i 5 

(0 £ 

CO u 



5 & 



C 
CD 
u 



3 

CQ 
0) 



55 



18 



EP 0 219 354 B1 



70 



15 



20 



25 



30 



35 



40 



45 



50 



CQ 

W 
i-3 
CD 
< 
Eh 



•J 



3* 



CO 
Ul 

0) 

c 

>. 





1-3 


4J 






m 






a: 




>1 












-H 






c 






•H 


* 




rH 






rH 


rH 




<C 


• 


4-> 


JJ 




o 


CQ 




3 


>i 






u 


« 


O 


V 


CO 


u 




> 


04 


<*> 





£ 
a 
a 

c — 



a> 



c 

CO 

c 

O 

o 



o o 



X 

pa 



O 

CQ CO 

o a> 

O 



I t \ 



o m o 
o> 



in o 
cm 



H n N 

m rH O 

o o o 

o o o 

• * • 

o o o 



CM CO 



3 

CO 











>i 








in 


u 


a 






• 


• 




o 




m 


o 


o 


(0 


o 




rH 


1 


i 




CO 




• 


rH 




CO 


0 




o 


* 


• 


«5 






w 


o 


o 


Wj 


ic 










0) 


a 










» 












o 


c 












o 








CO 




•H 






• 


t 


>1 


JJ 






o 


o 


rH 


3 




rsi 


1 


1 


aJ 


rH 




• 


CM 


m 


C 


o 




o 


• 


• • 


a; 


CO 




vr 


O 


o 


ui 


CD 


• 








(0 


ui 


rH 








a 




<0 








a 


JC 


•H 








(0 




Ul 










•H 


0) 








CQ 




4J 


o 


o 


o 


♦H 




m 












£ 








4J 


• 










x: 




CO 












3 



•H CP 

x: o> 

a o> 
a <u 

13 



o 
a 

Ul 

O 
£ 



0> 
u 
3 
CO 

<c 

0) 
£ 



T5 

V 
3 

0) 
ui 

cn 
c 



c 

3 
O 
£ 
(0 

c 

(0 

o 



>1 

4J *H *W 

C *H 

•H CO c 

H H (J) 

H IQ *H 

<0 4-> CO 

■U CO 

CO >i O 

>i Ul c 

u o 
o 



u 

3 
0 



OP 

<0 
O 

•H 

•O 

*w C 

O -H 



(0 
£ 
CO 



55 



19 



EP 0 219 354 B1 



w 



15 



20 



25 



30 



35 



40 



45 



50 



w 

CD 
< 



x: 



CO 
U 
0) 

c 



o 

3 O 
O i4 4J 



0> € 

cn a 
a 

c 



• CM 

c o 

«0 -H — * 

C W CO 

O O Q) 
O 

^ o 

£ £ w 



0J 

o 
o 

£ CO 



0) 

a 

X 

w 



Y Y V T T T T 



in 



0 o o o o o 

1 ^ I I I I I 
m • cm . m h w in 

• o • • • • « 

O \# © © © © O 



I 

in 



CM 

o 



• * 

o o 



o o 



in 



o o 



o o o 



in in m © vo co 
rH f-i m rvi 



*h so 

o o in cm 

in in o o 

o o o o 

• • • # 

© o o © 



CM CM CM CN CM CM 

CM » — • — * 

* co co ro ro f) 

X o o o o o o 

O Z Z 2 2 2 2 

0> 5* C C D> D 
£££££££ 



m vo r*- oo 



O «-H 

in m 



These results show the effect of even small amounts of magnesium at promoting the formation of 
55 zeolite L, since a similar synthesis without added magnesium (Comparative Example 41) resulted in 
significant amounts of zeolite W. The results also show the effect of increasing amounts of magnesium in 
decreasing the size of the formed zeolite L crystallites. 
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Exam ple 52: Effect of magnesium on an aluminium-rich synthesis 

The procedure of Comparative Example 1 was repeated to prepare a synthesis gel of the composition 

5 2.50KaO: 1.60 AL 2 0 3 : 10SiO 2 : 10SiO 2 : 165 H 2 0 

to which had been added 15 ppm Mg, as Mg(N0 3 )2 according to the procedure of Example 11. The gel 
was crystallized in an autoclave at 1 25 * C for 23 hours and at 1 75 • C for a further 66 hours. 

The process yielded more than 20% of a zeolite L product with a w/L ratio of O, thus with no 
70 contaminating zeolite W which EP0096479 has shown to be formed at high levels of Al 2 0 3 in the absence 
of additional metal. The product was in the form of cylindrical crystallites with a length of 0.3-0.5 microns 
and a diameter of 0.2-0.3 microns. 

Evaluation: Aromatisation 

75 

The performance of certain of the zeolite L samples of the examples as a catalyst base in aromatisation 
was compared to products of EP0096479. In each case, a catalyst was prepared by impregnating the base 
with 0.64 weight% platinum by an incipient wetness technique in which the base was dried at 140*C 
overnight then added to a 1.68 wt% solution of platinum tetraamine dichloride monohydrate, stirred and 

20 aged at room temperature for 30 minutes, then dried in a vacuum oven at 120* C for 4 hours. The 
impregnated sample was dried at 110° C for 4 hours, and then pelletised, crushed to 16-45 mesh (US seive 
size) and loaded into a vertical tubular reactor, calcined in air (substantially water-free) at 480 *C, and then 
reduced in hydrogen at 510°C. 

An aromatisation screening test was carried out at a temperature of 510* C and 738 KPa (107 psig) 

25 pressure with a Cs mixed feed comprising: 



Component 


Weight % 


iso-Cs 

(3-methyl-pentane) 


60 


n -Cg 


40 



at a weight hourly space velocity of 8.0 w/w hr~ 1 and in the presence of hydrogen, the H 2 hydrocarbon 
35 ratio being 4. This is an accelerated test which provides a good correlation with catalyst performance in 
commercial aromatisation. The results are given in Table 4. 

A catalyst using the zeolite of Example 7 as its catalyst base is compared with a catalyst using a zeolite 
L prepared according to EP0096479 with cylindrical particles (d = 0.7-1.4 u, l/d = 0.5-1, 1/h = 0.67), an 
Si02/AI 2 0 3 ratio of 5.8 and containing no additional metal M 11 , hereinafter referred to as "Comparison" 

40 

TABLE 4 





Example 7 


Comparison 


Time On Stream (hr) 


22 


50 


22 


50 


Cs Conversion (%) 


81 .6 


77.2 


74.9 


68.4 


Benzene Yield (%) 


60.2 


57.7 


51.5 


46.6 


Benzene Selectivity (%) 


73.8 


74.8 


68.7 


68.1 



50 

A 16% (relative) higher benzene yield was observed with the invention whereas no changes in C* - 
cracking pattern were observed. The higher aromatics yield is to improved activity (conversion) and to 
improved selectivity. 

Further aromatisation screening tests were carried out on catalysts prepared using the following 
55 materials as substrate. 

(a) zeolite L of Example 26; 

(b) zeolite L of Example 26, exchanged with an aqueous IN potassium nitrate solution for 24 hours at 
ambient temperature and then dried at 120°C for four hours prior to impregnation with platinum as 
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described above - the Ba content is reduced to 50 ppm (as measured by ion plasma emmission 
spectroscopy); 

(c) Comparison, as defined above; 

(d) Comparison, exchanged with barium as described in Example 1 of GB 2116450 to give a Ba content 
5 of 100 ppm as measured by ion plasma emmission spectroscopy, prior to impregnation with platinum as 

described above. 

Table 5 





Example 7 


Example 7 -K 


Comparison 


Comparison Ba 




Scale-up 


exchanged 




exchanged 


Time on stream (hr) 


23 


23 


23 


23 


C6 Conversion {%) 


78.7 


76.3 


74.9 


70.1 


Benzene yield (%) 


58.2 


56.9 


51.2 


48.8 


Benzene selectivity (%) 


74.0 


74.6 


68.4 


69.6 



These results show that the zeolite L of the invention is better in terms of conversion, yield and 
20 selectivity than the zeolite L described in EP 0096749, in this catalytic application. Exchanging the zeolite L 
of the invention did not remove all barium from the sample, showing that the barium is not all in an 
exchangeable form, but by removing the exchangeable barium the advantage over the zeolite L of EP 
0096479 is not lost. Furthermore, carrying out the barium exchange procedure of GB 2116450 on the zeolite 
L of EP 0096479 did not improve the performance of the zeolite L in the terms of conversion or benzene 
25 yield, but rather made it worse, and the change in benzene selectivity is relatively small. This comparison 
shows that the advantage of the zeolite L of the invention does not lie in barium exchange as described in 
GB 2116450. 

Claims 

30 

1. Zeolite L comprising cylindrical crystallites characterised in that the cylinders have basal planes shaped 
such that the ratio of axial length of curved cylindrical surface (1) to the overall axial length of the 
crystallite (h) is greater than 0.9 and in which the aspect ratio (ratio of 1 to the mean diameter d) is at 
least 0.5. 

35 

2. Zeolite L as claimed in claim 1, in which the cylindrical crystallites have a mean diameter (d) of at least 
0.05 urn. 

3. Zeolite L as claimed in claim 2, in which d is at least 0.1 urn. 

40 

4. Zeolite L as claimed in any of claims 1 to 3, in which the aspect ratio is at least 1 . 

5. Zeolite L as claimed in claim 1 comprising cylindrical crystallites characterised in that the crystallites 
are in the form of smooth-surfaced cylinders with substantially flat basal planes, and thus 1/h ratio of 

45 substantially unity, a mean diameter d of from 0.1 to 0.5 urn, and an aspect ratio of from 0.75 to 5. 

6. Zeolite L as claimed in any of claims 1 to 5, which contains a cation M 11 (wherein M 11 is a cation of 
magnesium, calcium, barium, manganese, chromium, cobalt, nickel or zinc) in an amount of less than 
0.1 wt% of the zeolite L 

50 

7. Zeolite L as claimed in claim 6, in which at least part of the cation M 11 is at non-exchangeable sites 
within the structure. 

8. A process for the preparation of zeolite L crystallites in the form of cylinders, in which an alkaline 
55 reaction mixture comprising water, a source of alkali metal, a source of silicon and a source of 

aluminium is heated to a temperature of from at least 75 *C to form the zeolite L, characterised in that 
the reaction mixture comprises a source of an additional metal M 11 and has a composition falling within 
the following molar ratios (expressed as oxides): 



22 



EP 0 219 354 B1 



(M 1 2 ° + M l1 2/n°)/Si0 2 


0.18-0.36 


H 2 0/(M 1 2 0 + M 11 2/n°) 


25-90 


Si0 2 /Al 2 0 3 


5-15 


M^IWgO + M 11 2/n°) 


0.900 - 0.9999 



(wherein M 1 is an alkali metal and M 11 is a cation of magnesium, calcium, barium, manganese, 
chromium, cobalt, nickel or zinc and n is the valence of M 11 ). 

70 9. A process as claimed in claim 8, in which the reaction mixture is heated to from 100* C to 250° C. 

10. A process as claimed in claim 9, in which the reaction mixture is heated to from 120* C to 225° C. 

11. A process for the preparation of zeolite L f in which a reaction mixture comprising water, a source of 
is potassium, a source of silicon, a source of aluminium is heated to a temperature of at least 750 *C to 

form the desired zeolite L, characterised in that the reaction mixture contains additional metal M 11 (as 
defined in claim 6) and that the reaction mixture is such that in the absence of the additional metal M 11 
the formed product would comprise substantial amounts by zeolite W, the amount of the additional 
metal M 11 being being such that its presence results in reduced contamination by zeolite W. 

20 

12. A process as claimed in any of claims 8 to 11, in which the reaction mixture comprises: 



(M 1 2° + M^ahOJ/SiOz 


0.18-0.26 


H 2 0/(M 1 2° + M 11 2/n°) 


50-90 


Si0 2 /Al 2 0 3 


6-12 


M^O/fM^O + M 11 2/ n O) 


0.950 - 0.9999 



where M 1 is potassium or a mixture of potassium and a second alkali metal M 2 when the molar ratio 
30 K2O/K2O + M 2 2 0 is from 0.5 to 1. 

1a A method of suppressing zeolite W formation in the preparation of zeolite L from a crystallization gel in 
which the crystallization conditions would otherwise allow zeolite W formation, which method comprises 
introducing into the gel a zeolite W-suppressing amount of a source of an additional metal M 11 (as 
35 defined in claim 6). 

14. A method of preparing a zeolite L of reduced crystallite diameter and/or length in which there is 
introduced into a synthesis gel for forming zeolite L an additional metal M 11 (as defined in claim 6) in 
an amount comprising from 0.1 ppm to 0.1 wt% based on the weight of the gel so as to form crystallites 

40 of the desired diameter and/or length. 

15. A method as claimed in claim 14 in which the amount of additional metal M 11 is from 5 ppm to 0.05 
wt% based on the weight of the gel. 

45 16. A stirred synthesis for zeolite L, in which a zeolite W-suppressing amount of an additional metal M 11 (as 
defined in claim 6) is introduced into a reaction mixture capable of forming zeolite L in a static 
synthesis and the reaction mixture containing additional metal is heated to a temperature of at least 
75 • C with stirring to form zeolite L. 

50 17. A synthesis as claimed in claim 16, in which the reaction mixture capable of forming zeolite L in a static 
synthesis has a composition having the following molar ratios (expressed as oxides): 



Ma/nO/SiOa 


0.22 - 0.36 


H 2 0/M2/ n O 


25-90 


Si02/AI 2 0 3 


6-15 



where M is a cation of valence n. 
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18. A catalyst comprising zeolite L and a catalytically active metal characterised in that the zeolite L is as 
claimed in any of claims 1 to 7. 

19. A catalyst as claimed in claim 18, which comprises from 0.1 to 6.0 weight % platinum. 

5 

20. A process for the dehydrocyclisation and/or isomerisation of aliphatic hydrocarbons in which the 
hydrocarbons are contacted at a temperature of from 370 • C to 600' C with a catalyst so as to convert 
at least part of the aliphatic hydrocarbons into aromatic hydrocarbons, characterised in that the catalyst 
is as claimed in claim 18 or claim 19. 

70 

21. A process as claimed in claim 20, in which a feed comprising hexanes is contacted with the catalyst at 
a temperature of from 430 °C to 550 *C and a pressure of 500 to 1000kPa, together with hydrogen 
such that the hydrogen to feed weight ratio is less than 10, so as to convert the hexanes at least in part 
to benzene. 

75 

Revendications 

1. Zeolite L comprenant des cristallites cylindriques, caracterisee en ce que les cylindres ont des plans 
de base de forme telle que le rapport de la longueur axiale (1) de la surface cylindrique courbe a la 

20 longueur axiale totale (h) de la cristallite soit sup£rieur h 0,9 et dans laquelle le rapport d'aspect 
(rapport de I au diametre moyen d) est au moins egal & 0,5. 

2. Zeolite L suivant la revendication 1 , dans laquelle des cristallites cylindriques ont un diamfetre moyen 
(d) au moins egal a 0,05 um. 

25 

3. Zeolite L suivant la revendication 2, dans laquelle d est au moins egal a 0,1 urn. 

4. Zeolite L suivant Tune quelconque des revendications 1 & 3, dans laquelle le rapport d'aspect est au 
moins egal k 1 . 

30 

5. Zeolite L suivant la revendication 1, comprenant des cristallites cylindriques, caracterisee en ce que les 
cristallites sont sous la forme de cylindres a surface lisse avec des plans de base principalement plats, 
avec par consequent le rapport 1/h pratiquement 6gal & I'unite, un diamfetre moyen d de 0,1 & 0,5 urn 
et un rapport d'aspect de 0,75 a 5. 

35 

6. Zeolite L suivant Tune quelconque des revendications 1 Si 5, qui contient un cation M 11 (M 11 etant un 
cation de magnesium, calcium, baryum, manganfese, chrome, cobalt, nickel ou zinc) en une quantity 
inferieure & 0,1 % en poids de la zeolite L. 

40 7. Zeolite L suivant la revendication 6, dans laquelle une partie au moins du cation M 11 se trouve au 
niveau de sites non echangeables au sein de la structure. 

8. Proc6d6 de preparation de cristallites de zeolite L sous forme de cylindres, dans lequel un melange 
reactionnel alcalin comprenant de I'eau, une source de metal alcalin, une source de silicium et une 
45 source d'aluminium est chauffe a une temperature d'au moins 75 *C pour former la zeolite L, 
caracterise en ce que le melange reactionnel comprend une source de metal additionnel M 11 et a une 
composition qui rentre dans les plages de rapports molaires suivants (exprimes en oxydes) : 



(M^O + M l1 2/ n O) SiQ2 


0,18-0,36 


H 2 0/(M 1 2 0 + M 11 2/ n O) 


25-90 


Si02/AI 2 0 3 


5-15 


M' 2 0/(1^2 0 + M 11 2/ n O) 


0,900 - 0,9999 



55 (ou M 1 est un metal alcalin et M 11 est un cation de magnesium, calcium, baryum, manganese, chrome, 
cobalt, nickel ou zinc et n est la valence de M 11 ). 

9. Procede suivant la revendication 8, dans lequel le melange reactionnel est chauffe k une temperature 
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de 100 k 250° C. 

10. Procede suivant ta revendication 9, dans lequel le melange reactionnel est chauffe k une temperature 
de120& 225'C. 

5 

11. Procede de preparation de zeolite L, dans lequei un melange reactionnel comprenant de I'eau, une 
source de potassium, une source de silicium, une source d'aluminium, est chauffe a une temperature 
d'au moins 750 °C pour former la zeolite L ddsir^e, caracterise en ce que le melange reactionnel 
contient un metal additionnel M 11 (tel que defini dans la revendication 6) et en ce que le melange 

io reactionnel est tel qu'en ('absence du metal additionnel M 11 , le produit forme comprendrait des 
quantites importantes de zeolite W, la quantity de metal additionnel M 11 etant choisie de maniere que 
sa presence reduise la contamination par la zeolite W. 

12. Procede suivant Tune quelconque des revendications 8 a 11, dans lequel le melange reactionnel 
15 comprend : 



(M 1 2 0 + M l1 2/n O)/Si0 2 


0,18-0,26 


H 2 0/(M 1 2 0 + M 11 2/ n 0) 


50-90 


Si0 2 /Ai 2 0 3 


6-12 


M 1 2 0/(M 1 2 0 + M 11 2/ n O) 


0,950 - 0,9999 



ou M 1 est le potassium ou un melange de potassium et d'un second metal alcalin M 2 , le rapport 
molaire KzO/feO + M 2 2 0 ayant une valeur de 0,5 k 1. 

25 

13. Procede pour supprimer la formation de zeolite W dans la preparation de zeolite L k partir d'un get de 
cristallisation, dans lequel les conditions de cristallisation permettraient autrement la formation de 
zeolite W, procede qui consiste k introduire dans le gel une quantity supprimant la zeolite W d'une 
source de metal additionnel M 11 (tel que defini dans la revendication 6). 

30 

14. Procede de preparation d'une zeolite L de diamfetre et/ou de longueur reduits des cristallites, dans 
lequel est introduit dans un gel de synthese pour la formation de zeolite L, un metal additionnel M 11 (tel 
que defini dans la revendication 6) en une quantity de 0,1 ppm k 0,1 % en poids sur la base du poids 
du gel de maniere a former des cristallites de diamfetre et/ou de longueur desires. 

35 

15. Procede suivant la revendication 14, dans lequel la quantite de metal additionnel M 11 va de 5 ppm k 
0,05 % en poids sur la base du poids du gel. 

16. Synthese sous agitation de zeolite L, dans laquelle une quantity supprimant la zeolite W d'un metal 
40 additionnel M 11 (tel que defini dans la revendication 6) est introduite dans un melange reactionnel 

capable de former de la zeolite L dans une synthase statique et le melange reactionnel contenant du 
metal additionnel est chauffe k une temperature d'au moins 75 S C sous agitation pour former de la 
zeolite L. 

45 17. Synthese suivant la revendication 16, dans laquelle le melange reactionnel capable de former de la 
zeolite L dans une synthese statique a une composition correspondant aux rapports molaires suivants 
(exprimds en oxydes) : 



MjynO/SiCfe 


0,22 - 0,36 


H 2 0/M;y n O 


25-90 


SiCVAfeOa 


6-15 



ou M est un cation de valence n. 

65 

18. Catalyseur comprenant de la zeolite L et un metal doue d'activite catalytique, caracterise en ce que la 
zeolite L est telle que revendiqu§e dans I'une quelconque des revendications 1 k 7. 
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19. Catalyseur suivant la revendication 18, qui comprend 0,1 a 6,0 % en poids de platine. 

20. Proc6d6 de d^shydrocyclisation et/ou d'isomSrisation d'hydrocarbures aliphatiques, dans lequel les 
hydrocarbures sont mis en contact & une temperature de 370 & 600* C avec un catalyseur de manifere 

5 a converter au moins une partie des hydrocarbures aliphatiques en hydrocarbures aromatiques, 
caracterise en ce que le catalyseur est tel que revendiqu^ dans la revendication 18 ou 19. 

21. Proc6d6 suivant la revendication 20, dans lequel une charge comprenant des hexanes est mise en 
contact avec le catalyseur a une temperature de 430 & 550 *C et & une pression de 500 & 1000 kPa, 

70 conjointement avec de Phydrogene de maniere que le rapport en poids de I'hydrogSne a la charge soit 
inf^rieur a 10, afin de convertir les hexanes au moins en partie en benzene. 

Patentanspriiche 

75 1. Zeolith L, der zylindrische Kristallite umfaflt, dadurch gekennzeichnet, da/3 die Zylinder Grundflachen 
aufweisen, die so geformt sind, daJ3 das Verhaltnis der axialen Lange der gekrummten zylindrischen 
Oberflache (1) zu der gesamten axialen LSnge des Kristallits (h) grofler als 0,9 ist, und in dem das 
Aspektverhaltnis (Verhaltnis von 1 zu dem mittleren Durchmesser d) mindestens 0,5 ist. 

20 2. Zeolith L nach Anspruch 1, in dem die zylindrischen Kristallite einen durchschnittlichen Durchmesser 
(d) von mindestens 0,05 urn haben. 

3. Zeolith L nach Anspruch 2, in dem d mindestens 0,1 urn ist. 

25 4. Zeolith L nach einem der Anspruche 1 bis 3, in dem das Aspektverhaltnis mindestens 1 ist. 

5. Zeolith L nach Anspruch 1, der zylindrische Kristallite umfaflt, dadurch gekennzeichnet, dafl die 
Kristallite in Form von Zylindern mit glatter OberflSche und im wesentlichen ebenen Basisflachen 
vorliegen und daher 1/h Verhaltnisse von im wesentlichen Eins, einen durchschnittlichen Durchmesser 

30 d von 0,1 bis 0,5 urn und ein Aspektverhaltnis von 0,75 bis 5 aufweisen. 

6. Zeolith L nach einem der Anspruche 1 bis 5, der ein Kation M 11 (wobei M 11 ein Kation des 
Magnesiums, Calciums, Bariums, Mangans, Chroms, Kobalts, Nickels Oder Zinks ist) in einer Menge 
von weniger als 0,1 Gew.% des Zeoliths L enthalt. 

35 

7. Zeolith L nach Anspruch 6, in dem sich mindestens ein Teil des Kations M 11 an nicht-austauschbaren 
PlStzen der Struktur befindet. 

8. Verfahren zur Herstellung von Zeolith L-Kristalliten in Form von Zylindern, bei dem eine alkalische 
40 Reaktionsmischung, die Wasser, eine Alkalimetallquelle, eine Siliciumquelie und eine Aluminiumquelle 

umfaflt, auf eine Temperatur von mindestens 75 *C erhitzt wird, um den Zeolith L zu bilden, dadurch 
gekennzeichnet, daJ3 die Reaktionsmischung eine Quelle eines zusStzlichen Metalls M 11 umfaflt und 
eine Zusammensetzung hat, die in den Bereich der folgenden Mischungsverhaltnisse fallt (ausgedrOckt 
als Oxide): 

45 





<M 1 2 0 + M 11 2/n O/Si0 2 


0,18 bis 0,36 




H 2 0/(M 1 2 0 + M 11 2/ n O) 


25 bis 90 




Si0 2 /Al 2 0 3 


5 bis 15 


50 


M 1 2 0/(M 1 2 0 + M 11 2/ n O) 


0,900 bis 0,9999 



(wobei M 1 ein Alkalimetall und M 11 ein Kation des Magnesiums, Calciums, Bariums, Mangans, Chroms, 
Kobalts, Nickels Oder Zinks ist und n die Wertigkeit von M" ist). 

55 9. Verfahren nach Anspruch 8, bei dem die Rektionsmischung auf 100° C bis 250* C erhitzt wird. 

10. Verfahren nach Anspruch 9, bei dem die Reaktionsmischung auf 120 # C bis 225* C erhitzt wird. 
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w 



11. Verfahren zur Herstellung von Zeolith L, bei dem eine Reaktionsmischung, die Wasser, eine Kalium- 
X?£ T. S " iciumquelle und eine Aluminiumquelle umfaflt, auf eine Temperatur von wenigstens 
750 C erhitzt w.rd, um den gewUnschten Zeolith L zu bilden. dadurch gekennzeichnet. dafl die 
Reaktionsmischung zusatzliches Metall M 11 (wie in Anspruch 6 definiert) enthSlt. und dafl die Reak- 
tionsmischung so ist, dafl in Abwesenheit des zusatzlichen Metalls M" das gebildete Produkt betracht- 
liche Mengen Zeolith W umfassen wurde, wobei die Menge des zusatzlichen Metalls M 11 so ist dafl 
seine Anwesenheit zu einer reduzierten Verunreinigung mit Zeolith W fQhrt. 

12. Verfahren nach einem der AnsprUche 8 bis 11, bei dem die Reaktionsmischung 





(M^O + M^nOySift 


0,18 bis 0,26 




H 2 0/(M 1 2 0 + M 11 2y n O) 


50 bis 90 




SiCfe/AfeOa 


6 bis 12 


75 


M 1 2 0/M 1 2 0 + M 11 2y n O) 


0,950 bis 0,9999 



20 



25 



30 



35 



40 



umfaflt, wobei M 1 Kalium oder eine Mischung aus Kalium und einem zweiten Alkalimetall M 2 ist wenn 
das molare Verhaltnis K 2 0/ KzO + M 2 2 0 0,5 bis 1 betrSgt. 

13. Verfahren zur Unterdruckung der Bildung von Zeolith W bei der Herstellung von Zeolith L aus einem 
Kristallisationsgel, bei dem die Kristallisierungsbedingungen anderenfalls die Bildung von Zeolith W 
gestatten wOrden, wobei das Verfahren darin besteht, dafl in das Gel eine zur UnterdrGckung der 
Bildung von Zeolith W ausreichende Menge einer Quelle eines zusatzlichen Metalls M" (wie in 
Anspruch 6 definiert) gegeben wird. 

14. Verfahren zur Herstellung eines Zeolith L mit verringertem Kristallitdurchmesser und/oder verringerter 
Knstallitlange. bei dem in ein Synthesegel zur Bildung von Zeolith L ein zusatzliches Metall M 11 (wie in 
Anspruch 6 definiert) in einer Menge. die 0.1 ppm bis 0.1 Gew.%. bezogen auf das Gewicht des Gels 
umfaflt, gegeben wird. um so Kristallite des gewUnschten Durchmessers und/oder der gewUnschten 
Lange zu bilden. 

15. Verfahren nach Anspruch 14. bei dem die Menge zusatzlichen Metalls M" 5 ppm bis 0 5 Gew% 
bezogen auf das Gewicht des Gels, betragt. ' ' ' 

16 " f/ ^, eS !., U , n ! er RUhr6n V ° n Ze °' ith L ' bei der eine Zeolith W unterdrGckende Menge eines zusatzlichen 
Metalls M» (wie in Anspruch 6 definiert) in eine Reaktionsmischung, die die Bildung von Zeolith L in 
einer statischen Synthese ermoglicht. gegeben wird und die Reaktionsmischung. die das zusatzliche 
Metall enthalt, unter Ruhren auf eine Temperatur von mindestens 75 *C erhitzt wird, um Zeolith L zu 
bilden. 

17. Synthese nach Anspruch 16, bei der die Reaktionsmischung, die die Bildung von Zeolith L in einer 
statischen Synthese ermSglicht, eine Zusammensetzung mit den folgenden molaren VerhSltnissen 
(ausgedruckt als Oxide) aufweist: 



45 



50 



M2/ n O/ SiCfe 


0,22 bis 0,36 


H 2 0/ M2/ n O 


25 bis 90 


SiCV Al 2 0 3 


6 bis 15 



wobei M ein Kation der Wertigkeit n ist. 

18. Katalysator, der Zeolith L und ein katalytisch aktives Metall umfa/St, dadurch gekennzeichnet, dafi der 
Zeolith L ein solcher ist, der von einem der AnsprUche 1 bis 7 beansprucht wird. 

55 19. Katalysator nach Anspruch 18, der 0,1 bis 6,0 Gew.% Platin umfaflt. 

20. Verfahren zur Dehydrocyclisierung und/oder Isomerisierung aliphatischer Kohlenwasserstoffe bei dem 
die Kohlenwasserstoffe bei einer Temperatur von 370 'C bis 600 "C mit einem Katalysator kontaktiert 
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werden, um zumindestens einen Teil der aliphatischen Kohlenwasserstoffe in aromatische Kohlenwas- 
serstoffe umzuwandeln, dadurch gekennzeichnet, dafl der Katalysator ein solcher ist, der von Anspruch 
18 Oder Anspruch 19 beansprucht wird. 

5 21. Verfahren nach Anspruch 20, bei dem ein Hexane umfassendes Einsatzmaterial zusammen mit 
Wasserstoff bei einer Temperatur von 430 *C bis 550 °C und einem Druck von 500 bis 1000 kPa mit 
einem Katalysator kontaktiert wird, wobei das Gewichtsverhaltnis von Wasserstoff zu Einsatzmaterial 
weniger als 10 betragt, um die Hexane zumindestens zum Teil in Benzol umzuwandeln. 

w 
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